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Abstract 
Now magnesium alloy is the light metal materials of structural in engineering application, it has a wide potential of 
application and development in transport, communication equipment, aerospace and other fields. AZ31B magnesium 
alloy pipes is used to be the research object, and the extruded forming simulation for pipe was made by using finite 
element software ANSYS, under displacement loads. In order to make the pipe extrusion, the maximum stress of pipe 
must be bigger than the yield point of it, no matter the pipe was in strengthening phase or local deformation phase. 
According to the yield point and ultimate strength on the true stress-strain curve of pipe and yield criterion, it can be 
judged whether the pipe has plastic deformation or not, and it can be determined whether the load applied could make 
pipe achieve the purpose of extrusion or not. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction 
Now magnesium alloy is the light metal materials of structural in engineering application, for its good 
damping property. It has a wide potential of application and development in transport, communication 
equipment, aerospace and other fields which has special requirement of lightness. Development of 
magnesium alloy and expansion of application had become imminent. The study of magnesium alloy 
would help the development of complementation between magnesium alloy and steel, aluminum, plastic 
and other materials, in that case, form a more perfect material system. 
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AZ31B magnesium alloy was chose to study in many different types of magnesium alloys, and 
simulation analysis for AZ31B magnesium alloy pipe was made by using finite element software ANSYS. 
Non-linear analysis for the material was made according to the true stress-strain curve of AZ31B 
magnesium alloy pipe. Add different constraints to the model to stimulate the forming process of 
extrusion, some patterns of mechanical property was achieved by analyzing results of stimulation 
calculation, so some advices about technology in short stage of low-budget magnesium development was 
given. 
2. Modeling
The magnesium alloy pipe model was made by ANSYS. The inside diameter is 0.025m, the outside 
diameter is 0.03m, the thickness is 0.005m and the length is 0.5m. 
Parameter of material was shown in Tab. 1, the Poisson ratio of the magnesium alloy becomes bigger 
when temperature rise, and the elastic modulus becomes smaller when temperature rise. All the parameter 
that we used was chosen to be the value when temperature is 300ć.
Tab. 1 the Elastic modulus and Poisson ratio of AZ31B Magnesium alloys [1]
Temperature(ć) Room temperature 100 150 200 250 300 
Elastic modulus(GPa) 43.114 39.826 36.555 28.095 12.167 5.048 
Poisson ratio 0.321 0.354 0.376 0.407 0.453 0.478 
The stress-strain curve of AZ31B magnesium alloy material: The true stress-strain curve was achieved 
by unidirectional compression on AZ31B magnesium alloy pipe under 300ć[2]. According to the true 
stress-strain curve (shown in Fig.1), a fitting curve stimulated in ANSYS was shown in Fig.2 
Fig.1 the True stress-strain curve of                      
AZ31B Magnesium alloys pipe                                                                 Fig. 2 ANSYS fitting stress-strain curve 
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Constraint: the numerical simulation for unidirectional compression forming of pipe was studied, one 
end of the pipe needed to be restrained, and the x-axis and y-axis of pipe surface needed to be restrained.
Temperature: the pipe that studied was forming under 300ć, so the temperature needed to be 300ć.
Displacement load: displacement load was applied on the other end of pipe through z-axis to extrude 
the pipe, and different changes of stress and stain was collected under different displacement loads by 
calculation [3]. 
3. Analysis Process 
As is shown in Fig. 3, the maximum stress of pipe is 48.6h106Pa, and the maximum strain is 
0.013114. The yield point of pipe is 75h106Pa according to the pipe stress-strain curve, when applied 
displacement load of 0.5cm on one end of pipe, the maximum stress of pipe is not in excess of yield point, 
the pipe performed elastic behaviour and linear behaviour, no plastic deformation, so the pipe was in 
elastic phase. 
When applied displacement load of 0.5cm, the Von Mises stress distribution and total strain are shown 
in Fig. 3. We can see the variation tendency on the Figure clearly. The value of the Von Mises stress was 
accompanied by the increasing displacement. 
Fig. 3 The Von Mises stress distribution and Von Mises total strain of pipes 
For pipe that was in the elastic phase, the deformation is elastic. When it is after unloading, the pipe 
was going to resume, no deformation performance. In this phase, the compression of pipe is in direct 
portion of load. 
Increased displacement load, applied the load of 1cm to pipe, the pipe would also be shorten, and the 
trend of shorten still decreased progressively toward the direction of compression.  
In order to get the stress-strain curve of AZ31B magnesium alloy pipe under compression, now 
increase the displacement load, stress and strain are shown in Tab.2. 
Since the yield point of AZ31B magnesium alloy pipe is 75h106Pa and the ultimate strength is 130h
106Pa, according to yield code and Tab. 2, it can be known that when displacement load applied to pipe 
was not in excess of 0.8cm, the pipe was in elastic phase, it performed elastic behaviour, there was only 
elastic deformation and on plastic deformation. When displacement load applied to pipe was within 
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0.8cm-7cm, the maximum stress of pipe was between yield point and ultimate strength, in that case the 
pipe was in strengthening phase, and it performed plastic behaviour. When displacement load applied to 
pipe was over 7cm, the pipe was in local deformation phase, and the maximum strain of pipe was going to 
be smaller when displacement load rise 
Tab. 2 Stress and strain of the pipe under different displacement load constraints 
Displacement load(cm) 0.5 0.8 1 2 3 4 
Maximum stress(×106Pa) 48.6 75.4 79.0 93.3 108 122 
Maximum strain 0.01311 0.02207 0.02835 0.05331 0.07925 0.11072 
Displacement load(cm) 5 6 7 8 9 10 
Maximum stress(×106Pa) 125 127 129 129 128 126 
Maximum strain 0.14296 0.17728 0.26237 0.30831 0.34698 0.40004 
.According to the stress and strain calculated in Tab. 2, stress-strain curve can be drew and compared 
to the true stress-strain curve, the result is shown in Fig. 4. 
The two curves of stress-strain in Fig. 4 show clearly that there were three phases when pipe was under 
compression: elastic phase, strengthening phase and local deformation phase. 
Fig. 4 The contrast of stress-strain curve of pipe  
The pipe needs to reach the strengthening phase to be formed under compression that means the 
displacement load needs to be no less than 0.8cm. When displacement load applied to pipe was not in 
excess of 0.8cm, the pipe was in elastic phase, after unloading, the pipe was going to resume, there would 
be no deformation. When displacement load was over 0.8cm, the pipe would no longer stay in elastic 
phase, and the deformation of pipe includes elastic deformation and plastic deformation. If loading 
stopped in strengthening phase, and gradually unloaded, then elastic deformation would disappear and 
plastic deformation would remain, which could achieve the purpose of extrusion forming [4]. 
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4. Conclusions 
AZ31B magnesium alloy pipe is used to study the simulation of extruded forming, displacement loads 
was mainly used to extrude the pipe, and finite element software ANSYS was used to do the simulation 
analysis of pipe. Results are shown below:  
z The stress-strain curve is a strong guide to extrusion forming for pipe. The yield point of pipe, 
which can be determined from the curve, is the cut-off point of elastic deformation and plastic 
deformation of pipe. The analysis of the yield point has a good guide effect on extrusion forming. 
z After fixed one end of the pipe, and the x-axis and y-axis of pipe surface, applied displacement 
load on the other end through the axial direction of pipe, or one way compression, it can be 
concluded that, the reduction of pipe is not even, instead, it decreased progressively toward the 
direction of compression. 
z Displacement load: the displacement load should not be less than 0.8cm under 300ć,that means 
the strain needs to reach 0.02. If strain could not reach 0.02, then the pipe would always stay in 
elastic phase, deformation would disappear after unloading, which means it cannot achieve the 
purpose of extrusion forming.. 
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